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VKDOORZZDWHUPRGHOV
.H\ZRUGV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FRQWURYHUVLDOO\ JLYHV ULVH WR PDQ\ SUREOHPDWLF HIIHFWV 1HPHF DQG $IWRVPLV
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
ZKLFK LQWURGXFH VHQVLWLYLW\ 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 D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 6:( DQG 6HFWLRQ  GHVFULEH WKH EDVHOLQH )9
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7KH ZDYHOHW VXEVSDFHV :Q Q   FRPH LQWR SOD\ DV DQ RUWKRJRQDO
FRPSOHPHQWRI9QLQ9QDQGWKH\VDWLVI\WKHFRQGLWLRQV
9Q¸:Q 9Q D
9Q` :Q E
)LJXUH7KHVFDOLQJ
IXQFWLRQDWUHVROXWLRQ ? Q 
)LJXUH7KH+DDUZDYHOHWDWUHVROXWLRQ
? Q 
7DNLQJ WKH+DDUZDYHOHW{  DVDPRWKHU EDVLV WKDW VSDQV: )LJXUH DQ\ VXE
VSDFH:QFDQDOVREHVSDQQHGYLDLWVGLODWLRQDQGWUDQVODWLRQ
{ {? - / /        M QQ Q[ [ M  * +? ? / 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
)URP(TWKHIXQFWLRQIFDQEHGHVFULEHGLQDQ\VSDFH9QDVDOLQHDUFRPELQDWLRQ
RIVFDOLQJEDVHVh MQ DQGVFDOLQJFRHIILFLHQWV QMV 
l/? ?…Â Â  QP Q QM MQ M VI 
7KLV LV FDOOHG WKH VLQJOHVFDOH H[SDQVLRQ RI I DW UHVROXWLRQ Q ZKHUH QMV  FDQ EH
FRPSXWHGRULQLWLDOL]HGDV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'XHWRWKHQHVWHGVHTXHQFHRIVXEVSDFHVDQGWKHXVHRI(TVDQG
DQDOWHUQDWLYHH[SUHVVLRQRIIFDQEHREWDLQHGE\PHDQVRIWKHFRDUVHGHVFULSWLRQLQ
9LHDWUHVROXWLRQQ DQGLWVFRPSOHPHQWDU\GHWDLOV QMG LQVSDFHV:Q
l {/? ?-… Â Â     QP Q QM MQ MV GI 
7KLVUHSUHVHQWDWLRQLVFDOOHGWKHPXOWLUHVROXWLRQH[SDQVLRQRIIDWUHVROXWLRQQZKHUH
WKHGHWDLOFRHIILFLHQWV QMG FDQEHFRPSXWHGRULQLWLDOL]HGDV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,QWKHH[SDQVLRQWKHUHSUHVHQWDWLRQRIWKHIXQFWLRQIDWKLJKHUUHVROXWLRQQ!
LVHQDEOHGE\WKHGHWDLOFRHIILFLHQWV QMG ZKHQWKH\DUHQRQ]HUR
7ZRVFDOHWUDQVIRUPLQJFRHIILFLHQWV
'XHWRWKHRUWKRQRUPDOLW\DQGWKHFRPSDFWVXSSRUWSURSHUWLHVRIh MQ DQG{ MQ ULJRURXV
H[FKDQJHRIGDWDDFURVVWZRUHVROXWLRQOHYHOVFDQEHREWDLQHGE\WKHVRFDOOHGWZR
VFDOHWUDQVIRUPDWLRQ7RGRVRWZRW\SHVRIILOWHUEDQNFRHIILFLHQWVDFRPPRQWHUP
LQ WKH ILHOG RI VLJQDO SURFHVVLQJ DUH QHHGHG )RU VLPSOLFLW\ WKH WZRVFDOH
WUDQVIRUPDWLRQLVH[SODLQHGIRUGDWDWUDQVIHUEHWZHHQWKHUHVROXWLRQDQG7KH
ILUVW W\SH RI FRHIILFLHQWV ^N N` LV DVVRFLDWHG ZLWK ORZSDVV ILOWHUV LH (T 
ZKHUHDV WKHVHFRQG W\SHRIFRHIILFLHQWV ^JJ` LVDVVRFLDWHGZLWKKLJKSDVV ILOWHUV
LH(TV
h h h h/? ? Ð           [ [ G[N  D
h h h h? ? Ð           [ [ G[N  E
h { h {/? ? Ð           J [ [ G[ D
h { h {? ? Ð            J [ [ G[ E
/RZSDVVILOWHUFRHIILFLHQWV^NN`DUHXVHGWRPHUJHWKHWZRVFDOLQJFRHIILFLHQWVDW
UHVROXWLRQ  LQWR RQH VFDOLQJ FRHIILFLHQW DW UHVROXWLRQ  WKLV LV UHIHUUHG WR DV
GHPRWLQJ
? -         6 N 6 N 6 D
+LJKSDVV ILOWHU FRHIILFLHQWV ^J J` DUH XVHG WR REWDLQ RU DFWXDOO\ VWRUH WKH
FRPSOHPHQWGHWDLOVRUGHWDLOFRHIILFLHQWVRIWKHVFDOLQJFRHIILFLHQWVDWUHVROXWLRQ
LQUHVROXWLRQ
? -       G J 6 J 6 E
&RPELQHGXVHRIERWK ILOWHUFRHIILFLHQWVDOORZWRFRPSXWHWKHVFDOLQJFRHIILFLHQWVDW
UHVROXWLRQ  IURP WKH VFDOLQJ FRHIILFLHQWV DW UHVROXWLRQ  DQG WKHLU VWRUHG
FRPSOHPHQWGHWDLOFRHIILFLHQWVWKLVLVUHIHUUHGWRDVSURPRWLQJ
-?         6 N 6 J G D
? -          6 N 6 J G E
%\ UHFXUVLYH DSSOLFDWLRQ RI WKH WZRVFDOH WUDQVIRUP HTXDWLRQV WKH H[SDQVLRQ RI
VFDOLQJFRHIILFLHQWVGHVFULELQJDIXQFWLRQ IFDQEHGHPRWHGRUSURPRWHGDFURVVDQ\
GLIIHUHQW UHVROXWLRQV )LJXUH  &RQVHTXHQWO\ SURPRWLQJ DQG GHPRWLQJ WKH
FRHIILFLHQWV DFURVV GLIIHUHQW UHVROXWLRQV LH E\ XVLQJ WKH (T  DQG  LV WKH
NH\VWRQHRI+:)9VFKHPH
)LJXUH7KHSURPRWLQJDQGGHPRWLQJRIWKHVFDOLQJFRHIILFLHQWVQXPHULFDOVROXWLRQ
DFURVVGLIIHUHQWUHVROXWLRQV
 +DDU:DYHOHWV)LQLWH9ROXPHPHWKRG+:)9
7KLVVHFWLRQVKRZVKRZWRH[SORLWWKHPXOWLUHVROXWLRQGHVFULSWLRQRIIXQFWLRQIUHFDOO
6HFWLRQWRGHFRPSRVHWKHORFDOSLHFHZLVHFRQVWDQWVROXWLRQ L8 UHFDOO6HFWLRQ
DVDFRPSUHVVHGGDWDVHWRI WKHVROXWLRQ¶V LQIRUPDWLRQZKLFKGULYHVDGDSWLYLW\7KH
VWUDWHJ\ LV WR ILUVW JHQHUDWH D )9 GLVFUHWL]DWLRQ DW WKH KLJKHVW UHVROXWLRQ KHUHLQ
SUHVHQWHG IRUQ   ZLWKRXW ORVVRI JHQHUDOLW\ WR SURGXFHD ILQHXQLIRUPUHIHUHQFH
PHVK7KHQRYHUWKLVPHVK05$LVSHUIRUPHGWRVHOHFWXSWRZKLFKUHVROXWLRQWKH
ORFDO QXPHULFDO VROXWLRQ QHHGV WR EHGHVFULEHG LH IRUPD KHWHURJHQHRXVJULG IRU
DFWXDO )9 FDOFXODWLRQV ,Q GRLQJ VR WKUHH PDLQ VWHSV DUH QHHGHG SUHGLFWLRQ IRU
FDUHIXOPHVKUHILQHPHQWPXOWLUHVROXWLRQ)9XSGDWHDQGWKUHVKROGLQJVWHSIRUPHVK
FRDUVHQLQJWKURXJKVROXWLRQGHFRPSUHVVLRQ
0XOWLUHVROXWLRQ)9IRUPXODWLRQ
)ROORZLQJ WR WKH GLVFUHWL]DWLRQ SUHVHQWHG LQ6HFWLRQ  D KLJKHU UHVROXWLRQPHVK LV
LQWURGXFHG (DFK FHOO RI WKH EDVHOLQH FRDUVHPHVK LH SUHVHQWHG LQ 6HFWLRQ  LV
VXEGLYLGHG LQWR 
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L M LQ Q M[ [ [ 
? /  QM  )LJXUH  VKRZV WKH PXOWLUHVROXWLRQ VWHQFLO ,Q WKLV PXOWLUHVROXWLRQ
VHWWLQJWKH)9IRUPXODWLRQGHVFULEHGLQ(TVDQGFDQEHUHZULWWHQDV
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+HUHWKHWUDQVODWLQJLQGH[MLVUHODWHGWRWKHUHVROXWLRQOHYHORIWKHORFDOFHOOQ
)LJXUH/RFDOPXOWLUHVROXWLRQVWHQFLO^ L MQ, `HPEHGGHGZLWKLQFHOO,L
(TV  DQG  QHHG WR EH RQO\ DSSOLHG DW D ORFDO OHYHO UHVROXWLRQ LH RQ WKH
DGDSWLYHPHVK7KLVPHVKFDQEHVHOHFWHGE\ILUVWFDVWLQJHDFKORFDOVROXWLRQDVLQ
(T  7KLV UHTXLUHV GHPRWLQJ KLJKUHVROXWLRQ GDWD LQ RUGHU WR VWRUH GHWDLO
FRHIILFLHQWVDQGSURGXFHWKHVFDOLQJFRHIILFLHQWDWOHYHO7KHQDPHVKSUHGLFWLRQ
VWHSLVQHHGHGWRORFDOO\SURPRWHWKHVROXWLRQDQGUHILQHWKHJULG7KLVZLOO\LHOGWKH
DGDSWLYH PHVK RQ ZKLFK FDOFXODWLRQ LV SHUIRUPHG )LQDOO\ KDUG WKUHVKROGLQJ LV
SHUIRUPHGWRUHGXFHWKHGHQVLW\RIWKHPHVKE\GLVFDUGLQJDOOQRQVLJQLILFDQWGHWDLOV
WKDWIDOOEHORZDFHUWDLQWKUHVKROGYDOXHGHWDLOVLQWKHVHFWLRQVEHORZ
3UHGLFWLRQVWHSIRUPHVKUHILQHPHQW
6LQFHWKH IORZILHOG LVHYROYLQJ LQ WLPH WKHSUHGLFWLRQVWHSPXVWEHSHUIRUPHGDIWHU
HDFK WLPH VWHS WR JXDUDQWHH QR VLJQLILFDQW IHDWXUHV RI WKH QXPHULFDO VROXWLRQ DUH
RPLWWHG LQ WKH QH[W WLPH VWHS 7KH SUHGLFWLRQ VWUDWHJ\ LV RQO\ EDVHG RQ WKH
LQIRUPDWLRQ DYDLODEOH DW WKH FXUUHQW WLPH OHYHO 0OOHU  0OOHU DQG 6WLULED
*HQHUDOO\WKHGHWDLOFRHIILFLHQWVRISUHGLFWHGFHOOVDUHQRWDYDLODEOH7KXVWKH
ORFDO VROXWLRQ RYHU WKH SUHGLFWHG FHOOV LV SURPRWHG E\ VLPSO\ VHWWLQJ ]HUR GHWDLO
FRHIILFLHQWV +DUWHQ  7R GR WKLV WKH IROORZLQJ DOJRULWKP LV XVHG WR LGHQWLI\
WKRVHQHLJKERXUKRRGFHOOVWKDWQHHGVWREHIXUWKHUUHILQHG
D )LQGWKHVFDOHFRHIILFLHQWVRIWKHFRQVHUYHGYDULDEOHVDWOHYHO ? Q 
E &RPSXWHWKHQRUPDOL]HGJUDGLHQWc EHWZHHQWKHORFDOFHOODQGLWVQHLJKERXU
FHOOVHH)LJXUHD
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F ,QWURGXFHWZRLQGLFDWRUVWRFRPSDUHc YDOXHVDQGGHFLGHWKHUHVROXWLRQOHYHOV
RIQHLJKERXULQJFHOOVWKDWKDYHVLJQLILFDQWGHWDLOV+HUHWKHYDOXHVRIc ? 
DQG c ?  DUH FKRVHQ DV LQGLFDWRUV IRU DOO QXPHULFDO WHVW FDVHV 7KH
GHFLVLRQIRUWKHORFDOUHILQHPHQWPHVKZLOOWDNHWKHIROORZLQJIRUPDFFRUGLQJWR
WKH YDOXH RI c  ,I c ‡  WKH DGDSWLYH PHVK LV DV LQ )LJXUH F ,I
c@ ‡  WKHDGDSWLYHPHVKLVDVLQ)LJXUHEDQGLI c@ WKHPHVK
KDVWKHIRUPLOOXVWUDWHGLQ)LJXUHD
D E F
)LJXUH0HVKSUHGLFWLRQFDVHV
7KUHVKROGLQJVWHSIRUWKHGHFRPSUHVVLRQRIPHVK
7KUHVKROGLQJ LVDSSOLHGRQ WKHGHWDLO FRHIILFLHQWVDIWHUHDFKXSGDWH WRGHFRPSUHVV
WKHPHVK7KHYDOXHVRIGHWDLOFRHIILFLHQWV QL M' EHFRPHVPDOOZKHQWKHQXPHULFDO
VROXWLRQ LVVPRRWK7KHUHIRUH WKH\FDQEHFDQFHOOHGZLWKRXWVXEVWDQWLDOO\DIIHFWLQJ
WKH DFFXUDF\ RI WKH QXPHULFDO VROXWLRQ 7R GR VR DOO GHWDLO FRHIILFLHQWV ZKRVH
DEVROXWH YDOXHV DUH EHORZ D QRUPDOLVHG OHYHOGHSHQGHQW WKUHVKROG YDOXH DUH
GLVFDUGHGLHLIWKH\VDWLVI\
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
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7KH FRPSRQHQWV LQ QL M'  DUH DVVRFLDWHG ZLWK WKH FRPSRQHQWV RI WKH FRQVHUYHG
YDULDEOHV LQ QL M8  LH K DQG T ,Q UHDO FRPSXWDWLRQV LW LV LPSRVVLEOH WR NQRZ WKH
RSWLPDOWKUHVKROGYDOXHEXWDUDQJHRIRSWLRQVLVIHDVLEOH+RYKDQQLV\DQHWDO
*HUKDUGDQG0OOHUDVZLOOEHLQYHVWLJDWHGLQWKHIROORZLQJVHFWLRQ%\GHIDXOW
LQ WKLV ZRUN WKH WKUHVKROGYDOXH DW WKH FRDUVHVW OHYHO LV VHW WR g ?  DQG LW LV
QRUPDOL]HG DFFRUGLQJ WR WKH UHVROXWLRQ OHYHOV ,Q DGGLWLRQ WKH PDJQLWXGHV RI WKH
GHWDLO FRHIILFLHQWV DUH VFDOHG DFFRUGLQJ WR WKH PD[LPXP YDOXH RI WKH QXPHULFDO
VROXWLRQ
$GDSWLYLW\RIWRSRJUDSK\
7KHWRSRJUDSK\ LVSURMHFWHG LQWR WKHKLJKHVWUHVROXWLRQQ  LQ WKHVDPHZD\DV
WKHFRQVHUYHGYDULDEOHV7KXVWKHFRPSUHVVHGGDWDVHWRIEHGLQIRUPDWLRQRYHUHDFK
FHOO LV REWDLQHG )LQDOO\ WKH DGDSWLYH EHG PHVK LV REWDLQHG E\ DSSO\LQJ WKH
WKUHVKROGLQJ VWHS %XW WKH WRSRJUDSK\ DGDSWDWLRQ LV SHUIRUPHG RQFH LH LQLWLDOO\
ZKHQ ?W  DQG LW UHPDLQV FRQVWDQW WKURXJKRXW WKH VLPXODWLRQ WLPH 7R HQVXUH WKH
SUHVHUYDWLRQRIDQDFFXUDWHZDWHUVXUIDFHHOHYDWLRQDQGPDVVFRQVHUYDWLRQDFURVV
OHYHOV WKH EHG PHVK VKRXOG EH FRQVLGHUHG DV D UHIHUHQFH WKLV PHDQV WKDW WKH
+:)9VFKHPHGRHVQRWDOORZGHPRWLQJWKHORFDOQXPHULFDOVROXWLRQWRFRDUVHQWKH
PHVK WR D UHVROXWLRQ OHYHO ORZHU WKDQ WKH WRSRJUDSK\ UHILQHPHQW HYHQ LI WKH ORFDO
QXPHULFDOVROXWLRQDOORZVIRUDORZHUUHILQHPHQWOHYHO
 1XPHULFDOUHVXOWV
7KLVVHFWLRQVKRZVWKHDELOLW\RIWKHQHZ+:)9VFKHPHWRVROYH'VKDOORZZDWHU
SUREOHPV ZLWK IHZHU FHOOV ZKHQ FRPSDULQJ WR WKH UHIHUHQFH )9 VFKHPH ZKLOH
UHWDLQLQJDFFXUDF\ WRWDOPDVV LQ WKH V\VWHPZHOOEDODQFLQJDQGSRVLWLYLW\ RIZDWHU
GHSWK)LYHZHOONQRZQEHQFKPDUNSUREOHPVDUHFRQVLGHUHGIRUYDOLGDWLRQRI+:)9
VFKHPH)XUWKHUPRUH WKH5RRW0HDQ6TXDUH(UURU 506(DQG WKH5HODWLYH0DVV
(UURU 50( DUH FRPSXWHG 7ZR RI WKH WHVW FDVHV DUH LGHDOL]HG GDPEUHDN FDVHV
RYHUIULFWLRQOHVVEHGVUHJXODUDQGLUUHJXODUWKHWKLUGDQGIRXUWKWHVWFDVHVFRQVLGHU
VWHDG\IORZRYHUDKXPSWUDQVFULWLFDOIORZZLWKVKRFNDQGVXSHUFULWLFDOIORZDQGWKH
ILIWKWHVWFDVHFRQVLGHUVDGHHSHUDQDO\VLVRQWKHWHVWFDVHRIWKHRVFLOODWRU\IORZLQD
SDUDEROLFERZO
,GHDOL]HG'DPEUHDN
7KHSXUSRVHRIWKLVFDVHLVWRWHVWWKHFDSDELOLW\RIWKH+:)9VFKHPHWRHIILFLHQWO\
DQG DFFXUDWHO\ VROYH WKH KRPRJHQRXV VKDOORZ ZDWHU HTXDWLRQV 7KH VROXWLRQ LV
FRPSDUHGWRWKHH[DFWVROXWLRQXVLQJWKH5RRW0HDQ6TXDUH(UURU506(DQGWKH
PD[LPXP HUURU PHWULFV $ ' FKDQQHO ZLWK D KRUL]RQWDO IULFWLRQOHVV EHG LV
FRQVLGHUHG7KHOHQJWKRIWKHFKDQQHOLVP DQGDQLPDJLQDU\GDPLVORFDWHGDW
 P IURPWKHXSVWUHDPHQG,QLWLDOO\WKHXSVWUHDPZDWHUOHYHOLV P ZKHUHDV
DWWKHGRZQVWUHDPHQGWKHZDWHUOHYHOLVP 7KHLQLWLDOGLVFKDUJHZDVVHWWR]HUR
LQHYHU\FHOO%RXQGDU\FRQGLWLRQVDOWKRXJKVHW WREHQXPHULFDOO\ WUDQVPLVVLYHDUH
HIIHFWLYHO\ LUUHOHYDQW LQ WKLV FDVH DV WKH SURSDJDWLQJ ZDYH GRHV QRW UHDFK WKH
ERXQGDU\$W WKH LQVWDQWRIGDP IDLOXUHZDWHU LV UHOHDVHGSURGXFLQJDVKRFNZDYH
WUDYHOOLQJ GRZQVWUHDP PHDQZKLOH D UDUHIDFWLRQ ZDYH LV IRUPHG SURSDJDWLQJ
XSVWUHDP7KHFRPSXWDWLRQDOGRPDLQDWWKHFRDUVHOHYHOQ LVGLVFUHWLVHGZLWK
XQLIRUPFHOOVDQG WKHFRPSXWDWLRQDOPRGHOZDVUXQXS WRVHFRQGDIWHU WKHGDP
EUHDN6LQFHWKH+:)9PRGHODOORZVIRUXSWROHYHOVRIPHVKUHILQHPHQWWKHVL]H
RIWKHUHIHUHQFHILQHXQLIRUPPHVKLVFHOOV7KHQXPHULFDOUHVXOWVDUHLOOXVWUDWHG
LQ)LJXUH7KHKLJKHVWOHYHORIUHVROXWLRQLVQRWHGWREHUHDFKHGDWWKHVKRFNZDYH
DQG WKHNLQNDW WKH WDLO RI WKH UDUHIDFWLRQZDYH7KHRWKHU ]RQHVRI WKH UDUHIDFWLRQ
ZDYHDUHDFKLHYHGZLWKWKHLQWHUPHGLDWHUHVROXWLRQOHYHOVDQG0HDQZKLOHDWWKH
UHVW RI WKH GRPDLQ ZKHUH WKH VROXWLRQ LV VPRRWK WKH +:)9 KDV UHWDLQHG WKH
EDVHOLQHFRDUVHOHYHO,QWKLVWHVWWKHDGDSWLYHVROXWLRQUHTXLUHGDPD[LPXPRI
FHOOVRIWKHILQHUHIHUHQFHPHVK
DZDWHUGHSWK EIORZUDWH FOHYHOV
)LJXUH+:)9DGDSWLYHQXPHULFDOVROXWLRQWRWKHLGHDOL]HGGDPEUHDNIORZ
)XUWKHUTXDQWLWDWLYHDQDO\VLV LVSHUIRUPHGYLDFDOFXODWLQJ WKH506( IRUERWK
ZDWHUVXUIDFHDQGIORZUDWHLH
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,QZKLFK $& LV WKH WRWDOQXPEHURIDFWLYHFHOOV IRUPLQJ WKHDGDSWLYHPHVK L MQK  L MQT 
DUH WKH QXPHULFDO UHVXOWV DQG ÖQL MK  ÖL M
QT  DUH WKH UHIHUHQFH GDWD IURP WKH DQDO\WLFDO
VROXWLRQV )LJXUH  DQG )LJXUH  FRPSDUH WKH GHSWK
V 506(V DQG 0D[LPXP
DEVROXWHHUURUVLQ/LQILQLW\QRUPUHVSHFWLYHO\IRUWKHGLIIHUHQWXQLIRUPDQGDGDSWLYH
PHVKHVFRQVLGHULQJXS WRDPD[LPXPUHVROXWLRQ OHYHORIQ &OHDUO\ERWKHUURU
SURILOHV VKRZ D GHFUHDVH LQ HUURU PDJQLWXGH ZLWK DQ LQFUHDVH LQ EDVHOLQH PHVK
UHVROXWLRQZKLFK LVH[SHFWHGGXH WRJULGFRQYHUJHQFHSURSHUWLHV7KHYDULDWLRQVRI
WKH 506(V UHVXOWLQJ IURP WKH DGDSWLYH +:)9PRGHOV DUH ERXQGHG EHWZHHQ WKH
506(V REWDLQHG IURP WKH FRDUVHVW EDVHOLQH XQLIRUP PHVK PRGHO DQG WKH ILQHVW
XQLIRUPPHVKPRGHOV6XFKERXQGLQJRIWKHDGDSWLYH560(VLVH[SHFWHGEHFDXVH
DQDGDSWLYHPHVKVFKHPHDWD UHVROXWLRQQ LV VHW WR IXUWKHUDOORZ ORZHU UHVROXWLRQ
GRZQ WR WKH EDVHOLQH UHVROXWLRQ  +RZHYHU VLQFH WKHPD[LPXP GHSWK HUURUV DUH
JRYHUQHGE\ WKHKLJKHVW UHVROXWLRQ GXH WR VKRFNSUHVHQFH WKHLU HUURU WUHQGVDUH
PRUHORJLFDOLQWKLVVHQVHDVLWFDQEHVHHQWKDWLDQ\RIWKHDGDSWLYHVFKHPHVDW
UHVROXWLRQQVKRZVFRPSDUDEOHHUURUUDQJHWRWKHUHIHUHQFHXQLIRUPFRXQWHUSDUWDQG
LLWKHYDULDWLRQRIWKHDGDSWLYHHUURUVDUHFRQVLVWHQWOHYHOZLVH,QDGGLWLRQDPRUH
TXDQWLWDWLYH DQDO\VLV LV FRQVLGHUHG YLD WDEXODWLQJ WKHPHDQDQG VWDQGDUG GHYLDWLRQ
6' RI WKH 506(V VHH 7DEOH  7KHVH UHVXOWV VKRZ GHFUHDVLQJ WUHQG IRU WKH
PHDQV DFFRPSDQLHG E\ D IDVWHU UHGXFWLRQ LQ WKHLU 6'V ZLWK PRUH SURIRXQG
UHILQHPHQWOHYHOVLQDGDSWLYHVFKHPH7KHUHIRUHWKH+:)9IUDPHZRUNSHUIRUPVWKH
DGDSWLYLW\SURFHVVZLWKRXWLQWURGXFLQJDQ\DGGLWLRQDOHUURUVWRWKHQXPHULFDOVROXWLRQ
DQGLVDEOHWRVHQVLEO\GHFLGHUHVROXWLRQOHYHOLQWUDFNZLWKWKHG\QDPLFVRIWKHIORZ
)RUWKLVWHVWWKHDGDSWLYHPRGHOVLPXODWLRQFRVWDURXQGOHVVLQFRPSXWDWLRQDO
HIIRUWVWKDQWKHVLPXODWLRQRQWKHILQHVWXQLIRUPPHVK
,QWKHIROORZLQJWHVWFDVHVWKHKLJKHVWOHYHOZLOOEHIL[HGWRQ DQGWKHIRFXV
ZLOOEHSXWRQH[SORULQJDSSOLHGDVSHFWVWKDWDUHUHOHYDQWWRK\GUDXOLFPRGHOOLQJ
)LJXUH506(HYROXWLRQIRUWKHGDP
EUHDNFDVH
)LJXUH0D[HUURUHYROXWLRQIRUWKHGDP
EUHDNFDVH
7DEOH7KHPHDQDQGVWDQGDUGGHYLDWLRQRI506(IRU'DPEUHDNWHVWFDVH
:DWHUGHSWK
P
)ORZUDWH
PVP
PHDQ 6' PHDQ 6'
8QLPHVKQ     
8QLPHVKQ     
8QLPHVKQ     
8QLPHVKQ     
$GSWPHVKQ     
$GSWPHVKQ     
$GSWPHVKQ     
6WHDG\IORZRYHUDKXPS
7KLVFDVHLVHPSOR\HGWRWHVWWKHSHUIRUPDQFHRIWKHFXUUHQWVFKHPHLQUHSURGXFLQJ
DVWHDG\IORZRYHUQRQXQLIRUPWRSRJUDSK\LQDIULFWLRQOHVVUHFWDQJXODUFKDQQHOP 
ZLGHDQGD P  ORQJ7KHDQDO\WLFDO VROXWLRQZDV VXSSOLHGE\*RXWDO DQG0DXUHO
*RXWDODQG0DXUHODQGWKHEHGUHDGV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7UDQVFULWLFDOFDVHLQYROYLQJVKRFN
7KHLQLWLDOZDWHUVXUIDFHDQGIORZUDWHSHUXQLWZLGWKDUHVHWWRK] PDQGT 
 PV UHVSHFWLYHO\ 3K\VLFDO ERXQGDU\ FRQGLWLRQV FRQVLVWHG RI WKH VWHDG\
GLVFKDUJHDWWKHLQIORZDQGWKHLQLWLDOZDWHUOHYHODWWKHRXWIORZ7KHFRDUVHEDVHOLQH
PHVKFRPSULVHGXQLIRUPFHOOVDQGVLPXODWLRQVDUHQRWHGWRFRQYHUJHDWDURXQGW
 V)RUWKLVWHVWWKHDGDSWLYH+:)9PRGHOKDVEHHQIXUWKHULPSOHPHQWHGDQG
DVVHVVHGDORQJZLWKWKHXSZLQGGLVFUHWLVDWLRQRIWKHVRXUFHWHUP9i]TXH]&HQGyQ
)LJXUHSUHVHQWVWKHQXPHULFDOUHVXOWVRIWKHDGDSWLYHVFKHPHZLWKQ 
DVFRPSDUHGWRWKHDQDO\WLFDOVROXWLRQV7KHQXPHULFDOZDWHUVXUIDFHSURILOHVKRZVD
YHU\ JRRG DJUHHPHQW ZLWK WKH DQDO\WLFDO VROXWLRQ IRU ERWK WKH XSZLQG DQG WKH
VWDQGDUG FHOOFHQWUHG VRXUFH WHUP GLVFUHWL]DWLRQ ,Q WHUPV RI SUHGLFWLRQ WR WKH IORZ
UDWHLWVHHPVWREHW\SLFDOO\LPSURYHGE\WKHXSZLQGVRXUFHWHUPGLVFUHWL]DWLRQDSDUW
IURPWKHSHDNFDXVHGE\WKHSUHVHQFHRIWKHZDWHUMXPS$UJXDEO\WKLVLVDNQRZQ
GHILFLHQF\LQVWDQGDUGILQLWHYROXPHVFKHPHVDQGWKXVGRHVQRWUHODWHWKHSURSRVHG
ZDYHOHWEDVHG DGDSWLYLW\ *DUFLD1DYDUUR DQG 9D]TXH]&HQGRQ  7RUR DQG
*DUFLD1DYDUUR  ,Q WKLV FDVH WKHPDMRULW\ RI WKH GRPDLQ IHDWXUHV UHTXLUHG
FRDUVHUHVROXWLRQOHYHOH[FHSWDWWKHKXPSZKLFKGLFWDWHGORFDOOHYHORIUHILQHPHQW
IURP WKH RQVHW DQG DW WKH GLVFRQWLQXLWLHV LH VWDUWLQJ NLQN RI WKH WUDQVFULWLFDO
WUDQVLWLRQDQGVKRFNZKHUHWKHOHYHOZDVUHILQHGWRKLJKHVW
DZDWHUVXUIDFH EIORZUDWH FOHYHOV
)LJXUH+:)9DGDSWLYHQXPHULFDOVROXWLRQIRUWKHVWHDG\WUDQVFULWLFDOIORZRYHUDKXPS
6XSHUFULWLFDOIORZFDVH
,QRUGHU WRHQVXUH WKDW WKHGLVWXUEDQFHVREVHUYHG LQ WKHGLVFKDUJH LQ WKHSUHYLRXV
WHVWFDVH)LJXUHDUHQRWLQGXFHGE\DGDSWLYLW\RYHUWKHORFDOFHOOVVHH6HFWLRQ
WKHVXSHUFULWLFDOIORZFDVHRYHUKXPSLVDOVRFRQVLGHUHG&KDQQHOJHRPHWU\DQGEHG
WRSRJUDSK\ DUH LGHQWLFDO WR WKH SUHYLRXV WHVW FDVH EXW WKH XQLW LQIORZ UDWH DQG
HOHYDWLRQZDWHUVXUIDFHDWWKHXSVWUHDPRIWKHFKDQQHODUHVHWWRK] PDQGT 
PVUHVSHFWLYHO\+HUHLQERWKRIWKHVHSK\VLFDOYDOXHVDUHXVHGDVVWHDG\
VWDWH LQIORZ ERXQGDU\ FRQGLWLRQV ZKHUHDV D IUHH RXWOHW LV QXPHULFDOO\ VHW 7KH
VLPXODWLRQ WLPH LVVDQGFHOOVDUHFKRVHQIRU WKHEDVHOLQHFRDUVHPHVK7KH
UHVXOWV DUH VKRZQ LQ )LJXUH  7KH FRQVWDQW IORZ UDWH DQG VXUIDFH ZDWHU SURILOH
FRPSDUHGZLWKWKHDQDO\WLFDOVROXWLRQDUHZHOOFDSWXUHG$JDLQWKHPHVKUHILQHPHQW
ZDV REWDLQHG RQO\ LQ WKH UHJLRQV ZKHUH ERWK EHG HOHYDWLRQ DQG IORZ DUH YDU\LQJ
+RZHYHU QR DUWHIDFWV DUH QRWHG LQ WKH SUHGLFWLRQ RI WKH GLVFKDUJH IRU ERWK WKH
XSZLQG DQG FHOOFHQWUHG GLVFUHWLVDWLRQ &RQVHTXHQWO\ WKH WZR WHVW FDVHV
GHPRQVWUDWH WKH JRRG SHUIRUPDQFH RI WKH DGDSWLYH VKDOORZ ZDWHU IORZ PRGHO LQ
UHSURGXFLQJZHOOEDODQFHGVWHDG\IORZVRYHUWRSRJUDSK\DQGLQSHUIRUPLQJVHOHFWLRQ
RIUHVROXWLRQOHYHOVLQUHOHYDQFHZLWKIORZDQGWRSRJUDSKLFUHJLRQV
DZDWHUVXUIDFH EIORZUDWH FOHYHOV
)LJXUH+:)9DGDSWLYHQXPHULFDOVROXWLRQIRUWKHVXSSHUFULWLFDOIORZRYHUDKXPS
'DPEUHDNRYHURYHUDWULDQJXODUKXPS
7KLV WHVW FDVH LV HPSOR\HG WR YHULI\ WKH FDSDELOLW\ RI +:)9 WR SUHVHUYH WKH WRWDO
PDVVLQWKHV\VWHPLQRUGHUWRHQVXUHWKDWWKHDGDSWLYLW\SURFHVVGRHVQRWLQWURGXFH
RUORVHPDVVHYHQLQWKHSUHVHQFHRIVKRFNVDQGZHWGU\IURQWV$K\SRWKHWLFDOGDP
EUHDNRYHUDWULDQJXODUKXPSWHVWLVVHWXSVHH)LJXUH
)LJXUH'DPEUHDNRYHUDWULDQJXODUKXPS
7KH OHQJWK RI WKH KRUL]RQWDO IOXPH LV P  DQG D GDP LV ORFDWHG DW  P 
IURP WKH XSVWUHDP HQG $ UHVHUYRLU ZLWK D ZDWHU VXUIDFH HOHYDWLRQ RI P  LV
ORFDWHGXSVWUHDPIURPWKHGDPDQGWKHUHVWRIWKHGRPDLQLVGU\0HVKUHVROXWLRQDW
WKHFRDUVHOHYHOFRQVLVWHGRIFHOOV5HIOHFWLYHERXQGDU\FRQGLWLRQVDUHVHWDWWKH
ERWKHQGVRIWKHFKDQQHO$WW VWKHGDPLVDVVXPHGWRIDLOFDXVLQJYLROHQWZDYH
SURSDJDWLRQ QDPHO\ WKH ZHWWLQJ IURQW UXVKHV LQWR WKH IORRGSODLQ RYHUWRSV DQG
LQWHUDFWVZLWK WKHREVWDFOHFUHDWLQJD UHIOHFWHGZDYH WKDWZLOODJDLQEH UHIOHFWHGE\
WKHERXQGDU\ZDOOV6LQFHWKHV\VWHPLVFORVHG WKH LQLWLDOPDVVRIZDWHUVKRXOGEH
FRQVHUYHG'XULQJWKHVLPXODWLRQWKHWRWDOPDVVRIZDWHUDWWLPHW W0 LVFRPSXWHG
DQG FRPSDUHG ZLWK WKH WRWDO LQLWLDO GLVFUHWH PDVV  0  DFFRUGLQJ WR WKH5HODWLYH
0DVV(UURU50(EHORZ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7KH UHVXOWV LQ)LJXUHVKRZ WKDW WKHDGDSWLYH+:)9PRGHOVFRQVHUYH WKH LQLWLDO
WRWDOPDVVLQWKHV\VWHPDQGWKHPDJQLWXGHRI50(LVZLWKLQWKHUDQJHRIPDFKLQH
SUHFLVLRQ  /·    WKURXJKRXW WKH HQWLUH FRPSXWDWLRQDO WLPH+RZHYHU VLQFH LQ WKH
+:)9VFKHPHWKHPHVKUHVROXWLRQLVQRWIL[HGWKHUHDOSK\VLFDOPDVV 50 LVDOVR
XVHGDVDUHIHUHQFHWRVKRZWKHDELOLW\RI+:)9WRSUHVHUYHWKHVDPHDPRXQWRI
PDVV DV FRPSDUHG WR WKH FRUUHVSRQGLQJ XQLIRUP PHVK VL]H WKLV KDV EHHQ GRQH
DFFRUGLQJWRWKH(TEHORZ
/?5 W 5
5
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,Q )LJXUH  WKH UHVXOWV VKRZ WKDW WKH 50( SURILOHV IRU ERWK WKH DGDSWLYH PHVK
OHYHOVDQGWKHLUXQLIRUPPHVKFRXQWHUSDUWVDUHWKHVDPH7KLVPHDQVWKH+:)9LV
QRW LQWURGXFLQJDQ\DGGLWLRQDOPDVVHUURUEH\RQGWKHFDSDELOLW\RIWKHGLVFUHWL]DWLRQ
UHODWLYHWRWKHILQHUHIHUHQFHXQLIRUPVFKHPH
)LJXUH50(HYROXWLRQIRUGDPEUHDN
RYHUDWULDQJXODUKXPSFRPSDUHGZLWK
WKHSURMHFWHGPDVVW 
)LJXUH50(HYROXWLRQIRUGDPEUHDN
RYHUDWULDQJXODUKXPSFRPSDUHGZLWKWKH
SK\VLFDOUHDOPDVV
2VFLOODWRU\IORZLQDSDUDEROLFERZO
7KLV FDVH LV ZHOO NQRZQ DQG UHFRJQLVHG DV D FKDOOHQJLQJ WHVW FDVH IRU QXPHULFDO
PRGHOV EHFDXVH LW LQYROYHV ERWK PRYLQJ ZHWGU\ LQWHUIDFHV DQG LW KDV DQ XQHYHQ
WRSRJUDSK\,WLVVHOHFWHGKHUHWRVWXG\DFFXUDF\DQGPHVKFRQYHUJHQFHDELOLWLHVRI
WKHDGDSWLYH+:)9VFKHPHDQGWRH[SORUHWKHVHQVLWLYLW\RIWKH+:)9PRGHOLHLQ
SHUIRUPLQJ WKH DGDSWLYLW\ SURFHVV FRQVLGHULQJ YDULRXV FKRLFHV IRU WKH WKUHVKROG
YDOXHSDUDPHWHUDQGIRUWKHEDVHOLQHFRDUVHVWPHVK
7KH EHG LV GHVFULEHG E\ * +?  ] [ K [ D  ZLWK FRQVWDQWV ?K  DQG ?D  ,W
FRQVLVWV RI DQ RVFLOODWRU\ IORZ WDNLQJ SODFH LQVLGH D SDUDEROLF ERZO 7KH WUDQVLHQW
DQDO\WLFDOVROXWLRQZDVSURSRVHGE\7KDFNHU7KDFNHU
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ZKHUH ?%   LV D FRQVWDQW YDOXH DQG ?   V D JK  LV WKH IUHTXHQF\ 8QGHU WKHVH
FRQGLWLRQV WKH RVFLOODWLRQ SHULRG LV ?7 V 7KH FDVH ZDV VLPXODWHG RQ WKH
GRPDLQ>P P @XVLQJGLIIHUHQWFRPSXWDWLRQDOPHVKFHOOVDWFRDUVHOHYHO
1 6LPXODWLRQVZHUH UXQXS WR7 %RXQGDU\FRQGLWLRQVDUH LUUHOHYDQWEHFDXVH
WKHIORZQHYHUUHDFKHVWKHERXQGDULHV7KH\ZHUHVHWDVWUDQVPLVVLYHERXQGDULHV
7KUHVKROGVHQVLWLYLW\
7RXQGHUVWDQGWKHHIIHFWRIWKHWKUHVKROGYDOXHSDUDPHWHURQWKHDGDSWLYLW\SURFHVV
DEDVHOLQHPHVKZLWK ?1 FHOOVLVIL[HGZKLOHFRQVLGHULQJWKHIROORZLQJWKUHVKROG
YDOXHV g ? DQG ,Q)LJXUH WKHQXPHULFDOZDWHUVXUIDFH
SURILOHV DW ?W  V   7  DQG ?W V 7  DUH FRPSDUHG ZLWK WKH DQDO\WLFDO
VROXWLRQ$VVHHQ LQ WKH ILJXUH WKH+:)9VFKHPH UHILQHV LQ WKH UHJLRQZKHUH WKH
ZHWGU\LQWHUIDFHLVPRYLQJWKURXJK0HDQZKLOHRWKHUSDUWVRIWKHGRPDLQVWD\DWWKH
FRDUVHVWDQGWKHLQWHUPHGLDWHOHYHOVRIUHILQHPHQW)XUWKHUPRUHLWFDQEHVHHQWKDW
YDU\LQJ WKH WKUHVKROGYDOXH OHDGV WRGLIIHUHQW UHILQHPHQWSDWWHUQV ,QSDUWLFXODU LW LV
VKRZQ WKDW DV g  LQFUHDVHV IHZHU FHOOV DUH UHILQHG WR KLJKHU OHYHOV GXULQJ WKH
VLPXODWLRQVLQFHVPDOOHUGHWDLOFRHIILFLHQWVDUHVHOHFWLYHO\RPLWWHG,Q)LJXUHDLW
LV FOHDU WKDW WKHDGDSWLYH+:)9VFKHPHDFWLYDWHVDOO WKHGHWDLOVFRHIILFLHQWVZKHQ
g ?   DQG DOO WKH FRPSXWDWLRQDO FHOOV JR WR WKH KLJKHVW OHYHO WKXV UHVXOWLQJ LQ D
XQLIRUP PHVK )LJXUH E VKRZV DQ DOPRVW XQLIRUP PHVK SUHGLFWLRQ ZKHQ g ?
+HQFHLWLVQRWUHDVRQDEOHLQWHUPVRIHIILFLHQF\WRXVHDWKUHVKROGYDOXH g > 
$VHQVLEOHUHILQHPHQWLVREWDLQHGZLWK g ? )LJXUHF)RU g ? DQG
g ?  VKRZQ LQ )LJXUH GH UHVSHFWLYHO\ SRRU SUHGLFWLRQV DW WKH ZHWGU\
LQWHUIDFHV DSSHDU ZKLFK PD\ EH FDXVHG E\ WKH IDFW WKDW D ODUJH WKUHVKROGYDOXH
OHDGVWRRPLWVRPHVPDOOGHWDLOFRHIILFLHQWVUHOHYDQWWRWKHZHWGU\IURQWGXULQJWKH
SURPRWLRQSURFHVV
%DVHOLQHPHVKHV
7KHFKRLFHRIDEDVHOLQHPHVKZLWK ?1 LVUDWKHUDUELWUDU\DQGLWPLJKWEHDOUHDG\
WRR ILQHRURQ WKHFRQWUDU\QHYHUDOORZ IRUD ILQHHQRXJKPHVK IRU WKLV WHVW FDVH
7KLVPD\DIIHFW WKHSHUIRUPDQFHRI WKHDGDSWLYLW\SURFHVV7KHUHIRUH WKH LQIOXHQFH
RI WKH EDVHOLQHPHVK VKRXOG EH VWXGLHG 6HYHUDO EDVHOLQHPHVKHV DW FRDUVH OHYHO
?1 DQGDUHLQWURGXFHGWRDGGUHVVWKLV7KHVDPHVHWWLQJVRIWKH
WKUHVKROGYDOXHDV UHSRUWHG LQ)LJXUHDUHXVHG7KHHYROXWLRQRI WKHQXPEHURI
DFWLYH FHOOV LV SUHVHQWHG LQ )LJXUH  7KH UHVXOWV FRQILUP WKDW DOO FRQVLGHUHG
FRPELQDWLRQVRI 1 DQG g DUHDEOHWRSHUIRUPWKHDGDSWLYHVROXWLRQV0RUHRYHUZKHQ
UHILQLQJWKHEDVHOLQHPHVKWKH+:)9UHTXLUHVDUHGXFWLRQRIWKHWKUHVKROGYDOXHWR
EHWWHUSHUIRUPDGDSWLYLW\SURFHVV7KLVLVGXHWRWKHIDFWWKDWPRVWRIWKHIORZUHJLRQ
UHVXOWV LQ UDWKHU VPRRWK VROXWLRQV WKHUHIRUH WKH YDOXH RI WKH GHWDLO FRHIILFLHQWV LV
VPDOO,Q)LJXUH 1 1 UHGXFHVDVWKHEDVHOLQHPHVKLVUHILQHGUHJDUGOHVVRIWKH
YDU\LQJWKUHVKROG+RZHYHULQ)LJXUHGHIRU g ? DQG g ? WKHPDJQLWXGHRI
1 1  LVUHODWLYHO\WKHVDPHDQGZLWKYDOXHVERXQGHGEHWZHHQDQGDURXQG
7KHVHYDOXHVDUH OHVVZKHQFRPSDUHG WRRWKHU WKUHVKROGYDOXHVEXW WKH\VWURQJO\
LQIOXHQFH WKHTXDOLW\RI WKHQXPHULFDOVROXWLRQ1RWDEO\ZLWK g ?  UHJDUGOHVVRI
1 RSWLPDOUHVXOWVDUHREWDLQHGLQFRPSDULVRQWRRWKHUWKUHVKROGYDOXHV7KHYDOXH
RI 1 1 LV ERXQGHG EHWZHHQ DURXQG  WR  7KLV FDVH VKRZV D SDUWLFXODU WUHQG RI
KRZWKHSDWWHUQRIDFWLYHFHOOVYDULHVZLWK 1 7KLVWUHQGLQGLFDWHVWKDW g ? LVWKH
PRVW VHQVLWLYH WR 1  %HFDXVH RI WKLV VHQVLWLYLW\ WKLV WKUHVKROG YDOXH DOORZV IRU D
ZLGHDXWRPDWLFUHVSRQVHRI WKHDGDSWLYHSURFHVVFRQWUDU\ WR IRUH[DPSOH g ? 
DQGWKHUHIRUHLVOLNHO\WREHWKHEHVWWRSHUIRUPDGDSWLYLW\LQDSURPSWZD\,WLVFOHDU
WKDWDQLQHIILFLHQWDGDSWLYHSURFHVVLVREWDLQHGZLWK g ? H[FHSWLQ)LJXUHH
ZKHQDYHU\ILQHEDVHOLQHPHVKLVXVHG
0HVKFRQYHUJHQFH
0HVKFRQYHUJHQFH LV DOVR VWXGLHG LQ WHUPVRI WKH / QRUPDVGHILQHG LQ(T 
6LPXODWLRQVZHUHSHUIRUPHGXSWRVDQGIRUDQDO\VLVWKH ?W V7DQG ?W
V7DUHVHOHFWHG6HYHUDOEDVHOLQHPHVKHVDWFRDUVHOHYHO ?1 
DQGDUHLQWURGXFHGZLWKXVLQJWKHVDPHWKUHVKROGYDOXHVDVGHILQHG
SUHYLRXVO\ ,W FDQ EH VHHQ LQ )LJXUH  WKDW WKH EHKDYLRXU RI WKH / QRUP LV
DV\PSWRWLF UHJDUGOHVV RI 1  DQG g  7KH XQLIRUP PHVK  g ?  LV WDNHQ DV D
UHIHUHQFHFXUYH IRU FRPSDULVRQ(DFKSRLQWZLWKLQDFXUYH LVDVVRFLDWHGZLWKHDFK
EDVHOLQHPHVK7KHGLIIHUHQFHEHWZHHQWKHFRQYHUJHQFHFXUYHIRU g ? DQGWKH
UHIHUHQFHDUHUHODWLYHO\VPDOO)RU g ? WKHFRQYHUJHQFHLVVOLJKWO\EHWWHUWKDQDOO
DVVKRZQLQ)LJXUHDDQG)LJXUHE7KHODUJHHUURUREWDLQHGZLWK g ? DQG
?1 FHOOVDQGWKLVLVGXHWRWRRIHZFHOOVEHLQJDFWLYDWHGGXULQJWKHDGDSWLYLW\
SURFHVV RYHUILOWHULQJ 7KXV WKH TXDOLW\ RI WKH QXPHULFDO VROXWLRQ LV DIIHFWHG
1HYHUWKHOHVVWKHPDJQLWXGHRIWKHHUURUEHFRPHVVPDOOHUDV 1  LQFUHDVHVEXWVWLOO
UHPDLQVODUJHUWKDQWKHHUURURIWKHUHIHUHQFHFXUYH)XUWKHUPRUHWKHEHWWHUUHVXOWV
DUH REWDLQHG IRU g ?   EXW ZLWK VHQVLEOH GLIIHUHQFHV FRPSDUHG WR g ?   7KH
PDJQLWXGH RI WKH / QRUP LV LQFUHDVHG IURP )LJXUH D WR )LJXUH E 7KLV LV
PHUHO\EHFDXVHRIQXPHULFDOGLIIXVLRQZKLFKLVDQDQWLFLSDWHGLVVXHIRUILQLWHYROXPH
ILUVWRUGHUVFKHPHV,Q)LJXUH WKHVDPHDQDO\VLVDVWKHRQHUHSRUWHG LQ)LJXUH
 LV FRQVLGHUHG WR LOOXVWUDWH WKH 5HODWLYH 3HUIRUPDQFH RI &38 WLPH 53&38
)LJXUHDVKRZVWKHUDWLRRIWKH&38WLPHVRIWKHDGDSWLYHVFKHPHVWRWKH&38
WLPHREWDLQIURPWKHDVVRFLDWHGILQHXQLIRUPUHIHUHQFHVFKHPHVLH g ? ZKLOH
)LJXUH E IXUWKHU GHVFULEHV WKH QRUPDOLVHG &38 WLPHV ZKLFK DUH REWDLQHG E\
GLYLGLQJDOO&38WLPHE\WKHPD[LPXPRQHLH1  g   7KHUHVXOWVVKRZ
FOHDUO\ WKDW ZKHQ g @   OHVV WLPH LV UHTXLUHG IRU DFKLHYLQJ D VLPXODWLRQ DV WKH
EDVHOLQH PHVK 1 GHQVLW\ LQFUHDVHV 7KH\ DOVR VKRZ WKDW WKH HIILFLHQF\ RI WKH
DGDSWLYH+:)9VFKHPHV LVQHDU WKHLUHTXLYDOHQWXQLIRUPPHVK)9VFKHPHVZKHQ
WKHEDVHOLQHPHVKKDVDVL]H1DQGGHVSLWHWKHFKRLFHRI g 
)RU g  WKH53&38DQGQRUPDOLVHG&38WLPHDUHQRWHGWREHLQHIILFLHQW
GHVSLWHWKHFKRLFHRIWKHEDVHOLQHPHVK1,QFRQWUDVWIRU g  DQGWKH\
VWDUW WR VLJQLILFDQWO\ GHFUHDVH LQ SURSRUWLRQ ZLWK DQ LQFUHDVH LQ WKH GHQVLW\ RI WKH
EDVHOLQHPHVK1+RZHYHUIRU g  DQGWKH53&38WHQGWRUHPDLQFORVHIRU
1ZKHUHDVZLWK g  WKH53&38VKRZHGFRQVLVWHQWGHFUHDVHLQOLQHZLWK
WKH UHILQHPHQWRI WKHEDVHOLQHPHVK1 WKLV VXJJHVW WKDWD WKUHVKROG YDOXHRI g  
HQDEOHVEHVWVHOHFWLRQDPRQJ WKHPDJQLWXGHRI WKHGHWDLOFRHIILFLHQWVDQGVR
DOORZVRSWLPDOHIILFLHQF\DQGDFFXUDF\LQWKHFRQWH[WRIWKHSURSRVHG+:)9PRGHO
IRUDEDVHOLQHPHVKRIDURXQGFHOOV
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DWKUHVKROGYDOXH  EWKUHVKROGYDOXH 
FWKUHVKROGYDOXH  GWKUHVKROGYDOXH 
HWKUHVKROGYDOXH 
)LJXUHQXPHULFDOVROXWLRQDJDLQVWWKHDQDO\WLFDOVROXWLRQLQSDUDEROLFERZOIORZ
?1 FRQVLGHULQJGLIIHUHQWWKUHVKROGYDOXHV
D ?1  E ?1 
F ?1  G ?1 
H ?1 
)LJXUHWLPHHYROXWLRQRIDFWLYHFHOOVIRUYDULRXVEDVHOLQHPHVKHVLQSDUDEROLF
ERZOIORZ
D ?W  V
E ?W  V
)LJXUH&RPSDULVRQVRI / QRUPIRUSDUDEROLFERZO(DFKKLJKOLJKWSRLQWLV
DVVRFLDWHGZLWKWKHLQLWLDOFHOOQXPEHUDWFRDUVHOHYHO
D E
)LJXUH&RPSDULVRQVRIWKHUHODWLYH&38WLPHIRUSDUDEROLFERZO
&RQFOXVLRQV
$GDSWLYH PHVK UHILQHPHQW VFKHPHV DUH XVHIXO WRROV WR HIILFLHQWO\ PRGHO YDULRXV
VFDOHV RI VKDOORZ ZDWHU IORZ $ QHZ DGDSWLYH IRUPXODWLRQ LV SURSRVHG ZKLFK
FRPELQHV WKH +DDU ZDYHOHWV ZLWK WKH )9 PHWKRG +:)9 7KH DSSHDO RI WKH
IRUPXODWLRQ FDQ EH HDVLO\ H[SORLWHG WR GULYH VSDWLDO UHVROXWLRQ DGDSWDWLRQ IURP WKH
VROXWLRQ LWVHOI DFFRUGLQJ WR D VLQJOH WKUHVKROG YDOXH İ $ VHULHV RI QXPHULFDO WHVWV
KDYHEHHQSHUIRUPHGFRQVLGHULQJLVVXHVRIZHOOEDODQFHGSURSHUW\FRQYHUJHQFHRI
VFKHPHVHQVLWLYLW\UHODWLQJWRGLIIHUHQWFKRLFHRIWKHWKUHVKROGVYDOXHVDQGDELOLW\WR
WUHDWZHWGU\IURQWV
1XPHULFDOHYLGHQFHFRQILUPVWKDWWKHSURSRVHG+:)9VFKHPHFDQDFFXUDWHO\VROYH
WKHVKDOORZZDWHUHTXDWLRQVZLWK VRXUFH WHUP$GDSWLYH VROXWLRQVDUH VKRZQ WREH
PDVV FRQVHUYDWLYH 1RWDEO\ WKH QHZ PRGHO LV SURYHQ WR EH DEOH WR VHOIGHFLGH
DSSURSULDWH UHVROXWLRQ OHYHOV IROORZLQJ WKH G\QDPLFV RI WKH IORZ LQFOXGLQJ VKRFNV
ZHWGU\IURQWVDQGWKHSUHVHQFHRIQRQIODW WRSRJUDSK\)XWXUHUHVHDUFKZLOOFRQVLVW
RILQWHJUDWLQJWKHIULFWLRQVRXUFHWHUPLQDZHOOEDODQFHGPDQQHUH[SORULQJVHQVLWLYLW\
LVVXHVLQUHODWLRQRILQFUHDVLQJWKHUHVROXWLRQOHYHOVZLWKYDU\LQJWKUHVKROGYDOXHVDQG
H[WHQGLQJWKHDSSURDFKWR'
$FNQRZOHGJPHQWV
7KH ILUVW DXWKRU DFNQRZOHGJHV WKH VXSSRUW RI WKH.XUGLVWDQ5HJLRQDO*RYHUQPHQW
PLQLVWU\RIKLJKHGXFDWLRQDQGVFLHQWLILFUHVHDUFK7KHUHVHDUFKLVIXUWKHUVXSSRUWHG
E\ WKH 8. (QJLQHHULQJ DQG 3K\VLFDO 6FLHQFHV 5HVHDUFK &RXQFLO JUDQW ,'
(3. DQG E\ WKH 3HQQLQH :DWHU *URXS SODWIRUP JUDQW JUDQW ,'
(3,
5HIHUHQFHV
%RXFKXW )  (IILFLHQW QXPHULFDO ILQLWH YROXPH VFKHPHV IRU VKDOORZ ZDWHU PRGHOV
(GLWHG6HULHVRQ$GYDQFHVLQ1RQOLQHDU6FLHQFHDQG&RPSOH[LW\
&DYLHGHV9RXOOLqPH'*DUFtD1DYDUUR3	0XULOOR-,QIOXHQFHRIPHVKVWUXFWXUH
RQ ' IXOO VKDOORZ ZDWHU HTXDWLRQV DQG 6&6 &XUYH 1XPEHU VLPXODWLRQ RI
UDLQIDOOUXQRIIHYHQWV-RXUQDORI+\GURORJ\±
&RFNEXUQ % 	 6KX &:  5XQJH±.XWWD GLVFRQWLQXRXV *DOHUNLQ PHWKRGV IRU
FRQYHFWLRQGRPLQDWHGSUREOHPV-RXUQDORIVFLHQWLILFFRPSXWLQJ
)UDFFDUROOR / &DSDUW + 	 =HFK <  $ *RGXQRY PHWKRG IRU WKH FRPSXWDWLRQ RI
HURVLRQDO VKDOORZZDWHU WUDQVLHQWV ,QWHUQDWLRQDO MRXUQDO IRU 1XPHULFDO0HWKRGV LQ
IOXLGV
*DUFLD1DYDUUR 3	9D]TXH]&HQGRQ0( 2Q QXPHULFDO WUHDWPHQW RI WKH VRXUFH
WHUPVLQWKHVKDOORZZDWHUHTXDWLRQV&RPSXWHUV	)OXLGV
*DUJRXU & *DEUHD 0 5DPDFKDQGUDQ 9 	 /LQD -0  $ VKRUW LQWURGXFWLRQ WR
ZDYHOHWVDQGWKHLUDSSOLFDWLRQV,(((FLUFXLWVDQGV\VWHPVPDJD]LQH
*HUKDUG1	0OOHU6$GDSWLYHPXOWLUHVROXWLRQGLVFRQWLQXRXV*DOHUNLQVFKHPHVIRU
FRQVHUYDWLRQODZVPXOWLGLPHQVLRQDOFDVH&RPSXWDWLRQDODQG$SSOLHG0DWKHPDWLFV

*RXWDO 1 	 0DXUHO )  3URFHHGLQJV RI WKH QG ZRUNVKRS RQ GDPEUHDN ZDYH
VLPXODWLRQ(OHFWULFLWpGH)UDQFH'LUHFWLRQGHVpWXGHVHWUHFKHUFKHV
+DUWHQ $  0XOWLUHVROXWLRQ DOJRULWKPV IRU WKH QXPHULFDO VROXWLRQ RI K\SHUEROLF
FRQVHUYDWLRQ ODZV &RPPXQLFDWLRQV RQ 3XUH DQG $SSOLHG 0DWKHPDWLFV  

+DUWHQ $ /D[ 3 ' 	 /HHU % 9  2Q XSVWUHDP GLIIHUHQFLQJ DQG *RGXQRYW\SH
VFKHPHVIRUK\SHUEROLFFRQVHUYDWLRQODZV6,$0UHYLHZ
+RYKDQQLV\DQ 10OOHU 6	 6FKlIHU 5  $GDSWLYHPXOWLUHVROXWLRQ GLVFRQWLQXRXV
JDOHUNLQVFKHPHVIRUFRQVHUYDWLRQODZV0DWKHPDWLFVRI&RPSXWDWLRQ
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.HVVHUZDQL*7RSRJUDSK\GLVFUHWL]DWLRQWHFKQLTXHVIRU*RGXQRYW\SHVKDOORZZDWHU
QXPHULFDOPRGHOVDFRPSDUDWLYHVWXG\-RXUQDORI+\GUDXOLF5HVHDUFK
.HVVHUZDQL*	/LDQJ4D'\QDPLFDOO\DGDSWLYHJULGEDVHGGLVFRQWLQXRXV*DOHUNLQ
VKDOORZZDWHUPRGHO$GYDQFHVLQ:DWHU5HVRXUFHV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